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Introduction
Identification of genetic diversity and relationships among breeding lines is great
important to facilitate parent selection in rice breeding programs [1]. From the starting
period of the domestication of crop plants, human activities have been improving them
giving selection emphasis to traits that suits agro-ecological and socioeconomic needs. In
rice, like many other crops, selection preference has been focused for improvement of
yield enhancing traits like compact panicle with more filled grains per panicle, large
seed size, non-shattering habit etc. The selection process continued for centuries re-
sulted in cultivars far different from the wild and weedy progenitor species in their
habit and potential [2]. Comparing to physio-morphological traits used earlier to estimate
genetic variability, molecular markers have become quite handy in precisely under-
standing the extent of genetic divergence among varieties being chosen as parental
sources in breeding programs. Only a small fraction of the rice varieties, from the world-
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wide reported varieties have been used in practical breeding. Therefore, better under-
standing of the genetic background of rice germplasm used is an important issue for
rice breeding. Recent advanced molecular and computational tools enable the estima-
tion of genetic diversity and population structure of rice germplasm easily [3]. Genetic
polymorphism is defined as the simultaneous occurrence of a trait in the same popula-
tion of two or more discontinuous variants or genotypes [4]. DNA fingerprinting is used
to describe the combined use of several single locus detection systems and is being used
as versatile tools for investigating various aspects of plant genomes including charac-
terization of genetic variability, genome fingerprinting, genome mapping, gene localiza-
tion, analysis of genome evolution, population genetics, taxonomy and plant breeding [5].
Molecular data can provide a basis for better management, conservation of the collec-
tion and reference for its enhanced use in breeding programs.
Rice sheath blight disease caused by the soil borne fungal pathogen Rhizoctonia so-
lani Kuhn is one of the most serious rice diseases worldwide, severely impairing both
grain yield and quality [6]. The economical loss of rice due to sheath blight disease ranks
next to the blast disease [7]. R. solani is considered a complex species because it con-
tains related but genetically distinct sub specific groups and it can survives either as
sclerotia or mycelia in plant debris, floats to the surface of floodwater and by germinat-
ing infects the rice plants [8, 9]. Complete resistance to R. solani is not available in any of
the rice germplasm grown worldwide. However, substantial differences in the levels of
susceptibility to the sheath blight pathogen among rice cultivars have been observed
under field conditions [10]. Physiological resistance and morphological resistance are the
two mechanisms of resistance of sheath blight disease in rice [11]. The resistance to R.
solani is a typical quantitative trait controlled by polygene in rice [12, 13]. Rice line 32R is
a source of durable and broad spectrum resistance to sheath blight disease. The rice line
29S is susceptible to the sheath blight disease and developed with the similar selection
method of 32R from the same parents. In order to map QTLs and develop the sheath
blight resistance of rice from the rice line 32R, the rice line was first being screened with
DNA markers to establish parental polymorphism. For this purpose the rice lines 32R,
29S and their parent cultivars were selected. The selected parent cultivars were Tetep,
Nipponbare, Chugoku 45 and CN4-4-2, and there were resistant (Tetep) or susceptible
( Nipponbare, Chugoku 45 and CN4-4-2) to sheath blight disease. About 1338 SSR mark-
ers located on 12 rice chromosomes, based on the reported distribution with covering
whole genome were listed.
The objective of this study was to identify the genetic relationship of 32R, 29S and
their crossing parent cultivars, Tetep, Nipponbare, Chugoku 45 and CN4-4-2, similarly,
the next purpose of this study was to identify the necessary polymorphic SSR markers
for the further breeding purpose of sheath blight disease resistance rice line with the
high yielding capacity.
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Materials and Methods
Plant material and plant cultivation
The plant was grown at the agronomy field of Saga University, Saga, Japan (33o 16”
N and 130o 18” E) in 2010 in a heavy clay soil. The rice lines evaluated in this study are
Tetep, Nipponbare, Chugoku 45, CN4-4-2, 29S and 32R. Seeds of all cultivars were treated
with a systemic insecticide and fungicide. 0.1% of Sumichion, an insecticide (Yashima
Chemicals Industry Co. LTD) and 0.5% Techlead-C Flowable, a fungicide (Kumiai
Chemicals Industry Co. LTD) for 24 h and then washed by tap water and incubated at
28℃ for 48 h for germination. Pre-germinated seeds were sown on seedling trays. A rou-
tine procedure was followed in rising of seedling in bed. Seedlings of 30 days old plant
were transplanted in the well-puddled experimental plots as single plant per hill with a
spacing of 30 x 25 cm. Nitrogen, phosphorus and potash were applied at 50, 33 and 33 kg
/ha just before transplanting, respectively. Only rice leaf has been used for this study.
The flag leaf and second leaf at the early heading stage were sampled in August of 2010.
Rice leaves of all rice lines were first collected in aluminum foil and then frozen with liq-
uid nitrogen. After that all sample were grinded in liquid nitrogen and kept in -80oC.
DNA isolation
Total genomic DNA was extracted from the leaves of rice according to the modi-
fied CTAB method [14]. 0.1- 0.2 g grinded leaf powder was put in a 1.5 ml tube contain-
ing 300 μl of 2% CTAB and incubated more than 30 min at 65oC. After that 300 μl CIA
was added and then incubated for 5 min. DNA fraction was separated from the content
material, centrifuging was done at 25oC for 15 min in 12,000 rpm. After centrifuging, the
upper layer solution was transferred to the next tube and incubated for 5 min after add-
ing 300 μl CIA. After the incubation, the extracted solution was centrifuged at 25oC for
15 min in 12,000 rpm. After that upper part of aqueous were transferred to the next
tube, 1.5 volume of 1% CTAB was added on transferred aqueous of new tube and incu-
bated for 1 hour. After one hour the solution was centrifuged for 10 min in 8,000 rpm at
25oC. The upper part of aqueous was thrown out, after completion of centrifuge. For the
dilution of remained DNA, 400 μl of 1M CsCl was added. Clarification of impurities was
conducted by adding 800 μl of isopropanol. The solution was then incubated in -20oC for
more than 20 min and centrifuged for 5 min in 12,000 rpm at 25oC. Then upper solution
was thrown out carefully keeping DNA on the bottom of the tube as a white pellet. That
pellet DNA was washed by 70% ethanol. 30 μl super pure water was added on clear
DNA pellet and then 1.6 μl of ribonuclease was added to clear impurities of RNA. The
DNA was kept for 10 min in heat block. After this, the quality and quantity of DNA was
determined.
PCR and visualization
The amount of DNA template used for PCR was adjusted to be 5 to 50 ng according
the results of PCR amplification in preliminary experiments. PCR reaction for the SSR
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markers was performed in 15 μl buffer reactions containing 2 pmol of primer 1.5μl, 10x
PCR dye 1.5μl, 10x PCR buffer 1.5 μl, 25 mM MgCl2 0.9 μl, 10mM dNTP 0.3 μl, Taq po-
lymerase 0.15 μl and diluted template of DNA. Taq DNA polymerase has been used of
Takara Co. limited Japan. 10x PCR buffer was consists of 500 mM KCI and 100 mM Tris-
HCl pH. 9.0 at 25oC. 10xPCR dye was consists of 0.15 bromophenolblue (BPB) and 30%
glycerol. Temperature cycles for the PCR parameters were according to Chen et al. [15].
The reaction consisted of 95oC as initial denaturation for 5 min, denaturation at 95oC for
30 sec., annealing at 55oC for 30 sec., extension at 72oC for 30 sec. repeated for 35 cycles.
The final extension was at 72oC for 5 min. The final hold was set at 4oC indefinitely. PCR
products were detected on 4% agarose gel.
Statistical analysis
SSR fingerprint patterns were transformed into a binary character matrix with 1
for presence or 0 for absence of a band at a particular position in a lane. Monomorphic
bands were removed. Cluster analysis based on SSR markers data from all the markers
were used to estimate the similarity on the basis of the number of shared bands. Cluster
analysis of all quantitative and genetics data was constructed based on Bray and Cruits
method and performed with data analysis package StatistiXL 1.5 (StatistiXL Ltd).
Results
Wasano et al. [16] developed 32R and 29S from the progeny of Tetep. The rice line
32R and 29S were continuously screened for sheath blight disease resistance over 15
years. The detail of pedigree of development of 32R and 29S are shown in Fig. 1. The
rice lines 32R and 29S were developed by crossing Tetep as the female parent and CN4-4
-2 as the male parent. Crossing Chugoku 45 with Nipponbare resulted in the develop-
ment of CN4-4-2. An example of PCR amplification is shown in Fig. 2. Among the paren-
Figure 1. Pedigree chart of the development of the rice lines 32R
and 29S.
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tal rice cultivars, Nipponbare, Chugoku 45 and their progeny CN4-4-2 belong to the Ja-
ponica subspecies, whereas Tetep belongs to the Indica subspecies. The genetic rela-
tionship among the Tetep, 32R, 29S, CN4-4-2, Chugoku 45 and Nipponbare was deter-
mined by Bray and Curtis cluster analysis [17]. In the resulting dendrogram shown in
Fig. 3, the parental cultivars described above were separated into two major clusters at
41% similarity. These two clusters were coincident with subspecies groupings and were
named Indica dominant group and Japonica dominant group. Higher genetic diversity
was observed between Tetep and Nipponbare. Similarly, 29S, CN4-4-2 and Chugoku 45
were divergent from Tetep. The sheath blight resistance line 32R and the susceptible
Figure 2. PCR image of the few selected markers. The num-
bers above the PCR image denotes the rice line; 1, Chugoku
45; 2, Nipponbare; 3, CN4-4-2; 4, 32R; 5, 29S and 6, Tetep.
Figure 3. Genetic similarity of the rice lines Tetep, 32R, Chugoku
45, 29S, CN4-4-2 and Nipponbare. Genetic similarity was determined
by the cluster analysis of genetic information obtained from the
SSR markers according to Bray and Curtis (1957).
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line 29S were sorted into Indica and Japonica dominant groups, respectively. In the Ja-
ponica dominant group, Chugoku 45 and 29S formed a single subcluster at 94% similar-
ity. Nipponbare was located at the basal position of the Japonica dominant group and
branched from the other Japonica varieties at 91% similarity. In the Indica dominant
group, 32R and Tetep formed a single subcluster at 45% similarity.
The genetic relation of 32R and Nipponbare was taken priority to further study be-
cause these two rice line had distinct disease resistance capacity and agronomic traits.
Out of 1338 SSR markers tested 86 produced polymorphic bands between 32R and Nip-
ponbare. The details of polymorphic markers are listed in Table 1. There were a few
polymorphic markers detected on chromosome 2, 6, 11 and 12. This homomorphism
may be caused by genetic regions induced from Nipponbare to 32R since Nipponbare is
earlier parent of 32R. In contrast, two cultivar 32R and Nipponbare showed high genetic
variability on chromosomes 1, 3, 4, 5, 7, 8, 9 and 10. There were only a few markers de-
rived from Chugoku 45 on rice line 32R polymorphic with Nipponbare in chromosome 3
and 7.
Discussion
The information of genetic diversity and relationship of the breeding lines are basic
requirement for the molecular breeding. The present study was carried out to identify
difference in chromosomal regions of the rice line 32R with other rice lines and also to
analyze genomic relationship of 32R, 29S and their crossing parent cultivars. The rice
line 32R formed the Indica dominant group with Tetep, whereas 29S was classified into
the Japonica dominant group and was closest to Chugoku 45 among the Japonica culti-
var. The genomic regions of the 32R different from the Japonica rice lines might be the
strategically important for the development of sustainable sheath blight disease resis-
tance rice line.
Simple sequence repeat (SSR) marker polymorphism is an important source of ge-
netic diversity, to be utilized for map-based cloning and molecular breeding [18]. Bray
and Cruits method was employed in cluster analysis in this study. This method calcu-
lates standard correlation coefficients between all the traits analyzed among the isolates
evaluated [19]. Thus, the dendrogram in Fig. 3 showed the relationship among the rice
lines according to the markers used, but it did not show phylogenetic relationships.
The rice line 32R and 29S were developed from the same parent but they had dif-
ferent characteristics. Previous studies concerning disease reaction to sheath blight
pathogen, metabolic pathways and proteomics analysis showed that sheath blight resis-
tance and agronomical traits were different in this two rice lines [16, 20, 21, 22, 23, 24, 25].
The difference in phenotypic and genotypic traits between the rice line 32R and 29S are
due to selection of plant type for the special purpose during the classical breeding proc-
ess.
There were genetic variability on chromosomes 1, 3, 4, 5, 7, 8, 9 and 10 and there
were a few polymorphic markers detected on chromosome 2, 6, 11 and 12 in between 32
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Yuba Raj GAIHRE，Yoshiyuki YAMAGATA，Atsushi YOSHIMURA，Akihiro NOSE，Shao-Hui ZHENG：
Genetic relationship among rice lines related to the sheath blight disease 41
R and Nipponbare (Table 1). It may be due to the marker utilized here are mainly de-
signed for Japonica variety. The polymorphic markers in between 32R and Nipponbare
were comparatively less as 1338 SSR markers had been used in this study because of
the Nipponbare and Chugoku 45 are earlier parent of 32R. Although there were difficul-
ties to get polymorphic marker in this type of rice line, we became able to get sufficient
polymorphic marker in 32R derived from Tetep with Nipponbare to do marker assisted
breeding based on QTL analysis.
In this study, the sheath blight susceptible lines 29S, Nipponbare, Chugoku 45 and
CN4-4-2 were closely related to each other and formed a single cluster, and resistant
lines Tetep and 32R formed another single cluster. In contrast to relatedness of rice
lines within each cluster, large genetic diversity was observed between the two clusters,
i.e., Tetep and 32R were highly divergent from 29S, Nipponbare, Chugoku 45 and CN4-4-
2. The genetic diversity and relationship revealed by SSR markers in this study, pro-
vides greater confidence for the future breeding programs of rice for the sheath blight
disease resistance as well as yield potential.
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イネ紋枯病抵抗性系統（32R）及び感受性系統（29S）における
遺伝的背景について
摘 要
作物の系統・品種の遺伝的特性は，その改良を目指す際の不可欠な情報である．イネ紋枯病
はイモチ病に次ぐ重要病害であるが，有効な抵抗性系統はまだ育成されていない．本研究にお
いては，単純反復配列（SSR）マーカーを用い，イネ紋枯病に対する抵抗性系統（32R）と感
受性系統（29S）及びその交配親の間における遺伝的関係について検討した．用いたイネ系統
は Tetep，日本晴，中国45，CN4-4-2，29Sおよび32Rで，それらの遺伝的関係を1338種の SSR
マーカーを用い検討した．用いた6系統は，インディカ及びジャポニカグループに大きく分類
され，32R系統はインディカグループに属し，Tetepと45％の類似性を示した．一方，29S系
統はジャポニカグループに属し，中国45と97％の類似性を示した．
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